This paper estimates the price and income elasticities of demand for gasoline in China. Our estimates of the intermediate-run price elasticity of gasoline demand range between -0.497 and -0.196, and our estimates of the intermediate-run income elasticity of gasoline demand range between 1.01 and 1.05. We also extend previous studies to estimate the vehicle miles traveled (VMT) elasticity and obtain a range from -0.882 to -0.579.
Introduction
On January 1, 2009, China initiated a modest reform on its fuel tax, which led to an increase in the gasoline consumption tax from 0.2 Yuan per liter to 1.0 Yuan per liter and an increase in the kerosene consumption tax from 0.1 Yuan per liter to 0.8 Yuan per liter. Although these tax increases are considered a big breakthrough after 15 years of discussion on fuel tax reform in China, this reform is modest since most of the fuel tax simply replaces pre-existing road maintenance fees and some of the tax revenue is given back to fuel consumers who previously did not pay for the road maintenance fees, including airlines, utilities and the army (Cao and Zeng, 2010) . Despite its relatively small magnitude, the fuel tax reform at least reveals the Chinese government's determination to control gasoline consumption in China, where increasing gasoline consumption has led to concerns of oil security, local pollution, and global warming, among other concerns.
In this paper we estimate the price and income elasticities of demand for gasoline in China. A sound understanding of the relationships among gasoline demand, gasoline price and disposable income is important for evaluating the effectiveness of China's tax reform in decreasing gasoline consumption, and has other important implications for energy policy as well. prices are regulated by the government, they are revised regularly based on the world oil price. As seen in the figure, gasoline prices and diesel prices tend to follow the world oil 3 price. The gasoline price was first liberalized in 1991, and then in 1994, 1998, 2003 and 2009 , with several major reforms implemented. Generally, the government usually sets up a base price of crude oil on an irregular basis according to the weighted accumulative price change of several international exchanges such as the Brent, the Minas and the New York. The two main oil companies in China, the China National Petroleum Corporation and China Petrochemical Corporation, are then given the authority to set the ex-plant prices, both wholesale and retail, for gasoline number 90. The two companies sell to the provincial petroleum companies who in turn oversee the retail service stations (Chueng and Thomson, 2004) . The prices charged at the stations are allowed to float between an 8% band above and below the determined prices. Given the price mechanism, the nominal retail gasoline prices grew from almost 2909 Yuan/tonne in 1997 to 7327
Yuan/tonne in 2009 with an average annual growth rate of 3.55%. The real gasoline price increased from an average annual growth rate of 0.95%. To further analyze gasoline consumption in China, Table 1 (Wang et al., 2011) . With such a large expected 9 increase in the vehicle population in China, the transport sector's share of gasoline consumption and total gasoline consumption will be much higher than their current levels in the absence of policy. 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
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Thomson (2004) is the only paper that estimates the gasoline elasticity over the years 1980-1999 at the national level, largely from a statistics perspective instead of an economic perspective. After the implementation of the gasoline tax in 2009, the value of the gasoline demand elasticity is especially important for policy makers who would like to be able to evaluate the effectiveness of a gasoline tax in reducing gasoline consumption. We believe our efforts to utilize comprehensive models and estimate an updated gasoline elasticity at the regional level is an important contribution. The remainder of the paper is organized as follows. Section 2 provides the methodology and results for estimating the elasticity of demand for gasoline. In Section 3 we estimate elasticity of demand for VMT. Section 4 concludes.
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2 Estimating the gasoline demand elasticity
Data
To estimate the gasoline demand elasticity, we rely on aggregate fuel price and fuel use data combined with income data from the China Statistical Yearbook, the China Energy Statistical Yearbook, and a periodical named China's Oil Economy. We collected Estimation using regional data is preferred over using aggregate data, as it enables us to capture variation across regions. Annual data are used in our estimation of the gasoline elasticity, as adequate monthly data was not available.
The elasticity of demand for gasoline in western countries has been studied extensively. 
Basic model and alternative specifications Basic model
To estimate the gasoline price elasticity, we start with a basic double log model: In order to test the sensitivity of the basic model and its results, we employ a number of alternative models in an attempt to address the endogeneity of gasoline price with respect to gasoline consumption, to incorporate the interaction effects between price and income, and to incorporate the real interest rate into the model, respectively.
Model with instruments
A well-known problem in estimating demand equations arises because price and quantity are jointly determined by the intersection of supply and demand curves. This endogeneity of prices and quantities will lead to a biased parameter estimate. To address the endogeneity of prices and quantities, instruments are needed for price in the regression model (Goldberger, 1991; Lin, 2011) . Theoretically, an ideal instrument should satisfy the following requirements: (1) it should be highly correlated with the gasoline price, and (2) it should not be correlated with unobserved shocks to gasoline demand. Ramsey et al. (1975) and Dahl (1979) used the relative prices of refinery goods such as kerosene and residual fuel oil as instruments. However, Hughes et al. (2008) claimed that prices of other refinery goods are likely to be correlated with gasoline demand via the oil price. Instead, they employed crude oil quality and crude oil production disruptions as instrumental variables.
It is quite difficult to determine appropriate instrumental variables. In our paper, we decide to use regional diesel prices and international crude oil prices as instrumental variables. Although diesel prices and gasoline demand are correlated via oil price, their correlation is from the price channel but not the demand channel because gasoline demand would not affect diesel price. One underlying reason for choosing the diesel price as an instrument is that both gasoline prices and diesel prices are characterized by regional variation. Although we are unable to capture regional differences with the international crude oil price, the choice of international crude oil prices is mainly aimed at avoiding any unobserved local shock that can possibly affect prices of other refinery products and gasoline demand simultaneously.
In order to test the strength of the instrumental variables, we first estimate a firststage regression. The results are reported in Table 2 . Both the regional diesel prices and the international crude oil prices prove to be appropriate instruments since their Fstatistics are 4755.48 and 869.07, respectively. Significance codes: * significant at 5%; ** significant at 1% *** significant at 0.1% Table 3 reports the results from the double log model of gasoline demand. The first specification is OLS while the other two specifications are 2SLS estimations using regional diesel prices and international crude oil prices as instruments, respectively. Our estimates of the gasoline demand elasticity range from -0.432 to -0.23.
Table 3. Double log model of gasoline demand
Dependent variable is log per capita gasoline demand O L S ( w i t h o u t i n s t r u m e n t s ) D i e s e l P r i c e a s I V C r u d e O i l P r i c e a s I V log real gasoline price -0.264** -0.23** -0.432*** ( 0 . 0 8 8 
Model with price-income interaction
In order to study the interaction between the price elasticity and income, we employ a simple interaction model that incorporates a price-income interaction term into the regression model: The regression results are reported in Table 4 . Our estimates of the price elasticity when evaluated at mean income range from -0.497 to -0.313. The significant positive estimate of the price-income interaction term, ranging between 0.381 and 0.520, indicates that increasing incomes have resulted in a decrease in the consumer response to gasoline price changes, in the sense that the decreasing budget share of gasoline consumption has made consumers less responsive to higher prices. ( 2 . 4 7 2 ) ( 2 . 5 6 3 ) ( 2 . 7 6 0 ) Notes: Standard errors in parentheses. Significance codes: * significant at 5%; ** significant at 1% *** significant at 0.1%
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Model with other macroeconomic variables
In this section, we would like to take into account other macroeconomic variables such as the unemployment rate (UE), the inflation rate or the interest rate in addition to income per capita and gasoline prices. Hughes et al. (2008) The regression results are shown in Table 5 . The estimate of price elasticity from the model incorporating the real interest rate is a significant -0.196, and is consistent with that of the previous three models. The model incorporating unemployment rate and the model incorporating both unemployment rate and real interest lead to positive insignificant values of price elasticity. One concern of the model incorporating unemployment rate is that there is hardly any variation of unemployment rate across years: unemployment rates are exactly the same at 3.1 from 1997-2000. Thus, we put less weight on the results from the two models incorporating the unemployment rate. 
Partial Adjustment Model
To account for the fact that there might exist frictions in the market so that adaptation to changes in gasoline price or income might not take place instantaneously, we use a partial adjustment model, which allows demand in the current period to depend on demand in an earlier period as well as on income and gasoline price:
When we estimate this partial adjustment model using OLS, 1 can be interpreted as the short-run price elasticity. The long-run elasticity, when fully adjusted to the equilibrium level, is 1 3 / (1 ) . However, when the speed of adjustment is relatively short, the fully 22 adjusted elasticity may also be interpreted as short-run or intermediate-run data (Houthakker et al., 1974; Hughes et al., 2008; Lin and Prince, 2009) . Table 6 shows the partial adjustment model results. Table 7 shows the short-run and long-run elasticities that are calculated from the specifications in Table 6 . We expect the long-run elasticity to be larger in magnitude.
Table 6. Partial adjustment model of gasoline demand
Dependent variable is log per capita gasoline demand
O L S ( w i t h o u t instruments)
Diesel Significance codes: * significant at 5%; ** significant at 1% *** significant at 0.1% Table 7 . Short-run and long-run gasoline demand elasticity 
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Note that the short-run elasticity is not significantly different from zero, so that consumers are highly inelastic in the short-run. This is reasonable because in the short run consumers have less time to respond by changing behavior, reducing VMT, or buying more fuel efficient cars, which are usually considered to be long term responses.
Although the long-run elasticities are not significantly different from zero either, the point estimates for the long-run elasticities are larger in magnitude than the point estimates for the short-run elasticities. As expected, consumers are more elastic in the long run, when they have more time to adjust to higher prices by changing driving behavior, reducing VMT, or switching for more fuel efficient cars. The estimates of price elasticity from the partial adjustment model are not significant, largely because the lag term, which is highly correlated with the gasoline price due to the stickiness in the gasoline price between periods, explains most of the variation of gasoline consumption in the current period, thus crowding out the effects of price on gasoline consumption.
Discussion of gasoline elasticity results
The basic double log model and alternative specifications we use to measure the price and income elasticities of gasoline demand between 1997 and 2008 lead to consistent estimates. The basic double log model, the model with instruments, the priceincome interaction model, and the macroeconomic model using the real interest rate produce significant estimates of price elasticities ranging between -0.497 and -0.196.
These four models also lead to robust and significant estimates of the income elasticity of gasoline demand, ranging between 1.01 and 1.05. We put less weight on the macroeconomic model incorporating the unemployment rate because there is little variation in the unemployment rate. We also put less weight on the partial adjustment model because the incorporation of the lag term appears to crowd out the effects of price and income on gasoline consumption in the current period.
We compare our results with previous studies of the gasoline demand elasticity for other developing countries since they are closer to China in economic background, income level, energy consumption, urban development, driving behavior and other demographic factors than developed countries are. Table 8 summarizes the results from these previous studies. It is noted that there is a wide range of estimates of gasoline demand elasticity for these countries. Compared with India, which is commonly believed to share similarities with China in its economic development and demographics, our range of estimates for China's intermediate-run price elasticity overlap with India's shortrun and long-run price elasticities as estimated by Ramanathan (1999) , while our range of estimates for China's intermediate-run income elasticity is just a little lower than India's short-run income elasticity. Our range of estimates for China's intermediate-run price elasticity using more recent regional data overlap with Chueng and Thomson's (2004) estimates using national data over the years 1980-1999. All in all, we believe our estimation results are generally consistent and robust across models and consistent with earlier studies for developing countries. 
Estimating the VMT demand elasticity
Regional VMT estimation
There is no official report on VMT data in China. A few studies including (2009) and other research institutes. These studies' estimates are for distinct periods using varied methods and thus not necessarily the same across studies. But generally, a larger bus or heavier truck tends to have a higher VMT per vehicle than a smaller or lighter one does. A summary of their estimation results is presented in Table 9 . 8 Because the VMT we calculate is total VMT, not just VMT from gasoline-fueled cars. However, gasoline-fueled cars comprise the majority of cars in China: in 2007 they were approximately 75% of all vehicles, according to a Chinese government report (Development Center, 2007) . While not perfect, our measure of VMT is highly correlated with the actual gasoline-fueled VMT, and it is the best we can do given the data limitations.
30
As seen in Figure 
VMT elasticities
To estimate the VMT price elasticity, we utilize a double log similar to the one we used to calculate the gasoline elasticity:
To be consistent with our estimation of gasoline elasticity, we used VMT per capita as dependent variable in the above model. VMT per capita is derived by multiplying VMT per vehicle by total vehicle population and then dividing by total population. The regression results are shown in Table 10 . The VMT elasticity is estimated to be between -0.882 and -0.579. Crude oil price as instrument is not shown because there is no regional variation of crude oil price across province, thus resulting in the model to be unidentified due to a singularity problem. We incorporated fixed effects in the model because the Hausman test preferred fixed effects over OLS with a significant improvement in the R-squared, whereas for the gasoline demand model the Hausman test preferred OLS and the R-squared was not much improved by fixed effects. Significance codes: * significant at 5%; ** significant at 1% *** significant at 0.1%.
Discussion of VMT elasticities
To compare our results with previous studies, a review of the previous literature on VMT elasticities is shown in Table 11 . Our estimates of the VMT price elasticity are somewhat higher in magnitude than the estimates for other countries, but still in a reasonable range. The estimates from previous estimates are for developed countries. A possible reason is that our estimates for China are somewhat more elastic is that drivers in China might be more responsive to gasoline price changes, thus leading to an elastic VMT, whereas the gasoline consumption is relatively inelastic because the gasoline demand from industries other than transportation are relatively rigid while the gasoline consumption share of transportation sector, which may exhibit a relatively greater elasticity of demand for gasoline, has been shrinking over the years.
Our estimate of VMT per capita income elasticity is an insignificant small negative value of -0.066. As shown in the Table 11 , most estimates of the income elasticity of total VMT have a positive value, while a few studies of VMT per vehicle indicate that a small negative income elasticity might be reasonable because of the increasing density of cities and improved public transportation system (CAERC, 2012).
Thus, while total VMT may increase when incomes increase, the VMT per capita may not necessarily increase.
There are concerns regarding our estimation of the VMT elasticity, mostly due to the poor data quality of VMT data. As mentioned above, due to lack of official reports of VMT and limited previous studies, our approximation of VMT from the regularly reported traffic volume is not precise. However, we believe that our estimates at least capture the VMT variation across regions and years, that they are still in a reasonable range and that they shed some light on consumers' demand for VMT.
Discussion and conclusion
In this paper we use the basic double log model and several alternative specifications to estimate the price and income elasticities of gasoline demand between 1997 and 2008. Our models produce significant estimates of the price elasticity ranging between -0.497 and -0.196 and significant estimates of income elasticity ranging between 1.01 and 1.05. After comparative analysis with earlier studies for developing countries, we believe our estimation results are consistent and robust. The low price elasticity of gasoline demand indicates that consumers are not sensitive to higher prices. One hypothesis is that with the rapid increase of income and thus a lower budget share of gasoline consumption, consumers' response towards higher prices has decreased, which is supported by the significant value of price-income interaction term. In addition, the relative higher income elasticity implies that increases in disposable income have caused gasoline consumption to soar, largely due to the increasing ownership of cars.
Using the double log model and instrumental variables, we estimate the VMT elasticity to be between -0.882 and -0.579. Although there are some concerns regarding the validity of our estimated VMT data, our estimation results at least shed some light.
Given a higher intermediate-run VMT price elasticity than gasoline price elasticity and given improved fuel efficiency, it might be the case the demand for gasoline is relatively 36 more elastic in the transportation sector than it is in other sectors. 10 If this is the case, imposing a gasoline consumption tax to increase gasoline prices might be more effective in reducing gasoline consumption, congestion and roadway pollution within the transportation system than it would be in reducing the gasoline consumption in other sectors, although the current tax may be too low to completely counteract the income effects.
A few policy implications can be drawn from our elasticity results. Currently
China is implementing a modest gasoline consumption tax, at 1 Yuan per liter. However,
given that the price elasticity is lower in magnitude than the income elasticity, a further increase in the gasoline consumption tax will be needed to achieve the goal of gasoline consumption reduction. Ceteris paribus, given the current income increase rate of 6%-8%, an increase of gasoline price by 18%-23% is needed to counteract income effects for one year, not to mention achieve the goal of gasoline consumption reduction. Table 12 presents the projected gasoline consumption growth rate and associated greenhouse gas emissions growth rate the year following the implementation of a tax under three gasoline tax specifications: 0%, 15% and 30%. As shown from the table, a gasoline tax rate of 15%, which is close to the current volume based tax rate of 1 Yuan/liter, is not sufficient to achieve the goal of gasoline consumption reduction in the following year. While a more aggressive tax rate of 30% manages to meet the goal, it is likely to be politically infeasible. As it is always politically difficult to implement a high gasoline consumption tax, alternative measures such as public transportation, increases in fuel efficiency and mandates to control potential vehicle population will be needed in the future. 
